The association between carcass and ham traits in a pig population used to produce dry-cured ham was studied using canonical correlation analysis. The carcass traits examined were hot carcass weight (HCW), backfat thickness (BT) and loin depth (LD), and the ham traits studied were gross ham weight (GHW), trimmed ham weight (THW), ham inner layer fat thickness (HIFT), ham outer layer fat thickness (HOFT), pH (pH) and the Göfo value. Carcass and ham traits are not independent. The canonical correlations (r) between the carcass and ham traits at 130 kg were 0.77, 0.24 and 0.20 for the first, second and third canonical pair, respectively, and were all significant (p < 0.01) by the Wilks test. The corresponding canonical correlations between the three canonical variate pairs for the carcass and ham traits at 160 kg were 0.88, 0.42 and 0.14, respectively (p < 0.05 for all, except the third). The correlations between the traits and their canonical variate showed an association among HCW, GHW and THW, and between BT and HOFT. These results indicate that carcass traits should be used to cull pigs that are not suitable for dry-cured ham production.
Introduction
Selecting pigs for dry-cured ham production requires various measurements on the ham in its rough state. Usual measurements include ham weight, trimmed ham weight, pH, meat color, intramuscular fat and the inner and outer layer fat thickness (Candek-Potokar et al., 2002; Peloso et al., 2010) . Several authors have reported an association between ham traits and end product quality after the ham curing process. Ham weight and fat thickness are related to losses in the curing process (Bosi and Russo, 2004) . The internal fat content influences the flavor (Wood et al., 1992) while the pH influences the dry-cured ham quality (Peloso et al., 2010) .
Measuring the ham traits involves procedures that require specific equipment and trained personnel, in addition to a considerable amount of time to obtain the measurements, as can be appreciated in the methodologies reported by Candek-Potokar et al. (2002) and Peloso et al. (2010) . A potentially viable solution for eliminating the need to obtain these measurements in all individuals of a population of pigs intended for dry-cured ham production would be to use the information from an easily measured group of carcass traits that are correlated with the ham traits as this would allow prior culling of animals that did not meet the established standards.
Carcass typing measurements, such as hot carcass weight, backfat thickness and loin depth, can be obtained in pigs without great difficulty and are correlated with some of the measurements used in ham evaluation (Swatland, 1984; Beattie et al., 1999; Virgili et al., 2003; DoeschlWilson et al., 2005 , Peloso et al., 2010 . Hence, the relationships among the carcass and ham traits could be useful in ascertaining the viability of using only the data from the first group of measurements when selecting the best individuals for dry-cured ham production.
Canonical correlation (Weiss, 1972; Barbosa et al., 2005) is a technique that establishes the interrelation between two sets of variables, in addition to quantifying the percentage of variance common to the two groups. Canonical correlation analysis is a multivariate analysis technique in which the maximum correlation between two sets of variables is estimated by linear combinations of the original variables (canonical variates) (Cruz et al., 2004) . The first group is generally considered to be established by p traits and the second by q traits. The number of canonical correla-tions is equal to the smallest number of traits that constitute one of the complexes (p or q) and its magnitude decreases with the order in which these are estimated. However, in absolute value, the first coefficient of canonical correlation is always greater than or equal to any simple or multiple correlation coefficient among the traits of the first and second groups.
The objective of this study was therefore to use canonical correlation analysis to examine the association among carcass and ham traits of a pig population intended for dry-cured ham production.
Material and Methods
The data used in this study were derived from five genetic groups of pigs produced on a farm in the state of Santa Catarina in southern Brazil. The following genetic groups were used: DUDU = Duroc, DULA = Duroc x Landrace, DUWI = Duroc x Large White, DULL = Duroc x (Landrace x Large White) and WIWI = Large White.
After weaning at 28 days of age, the piglets were transferred weekly in batches of 20 to the nursery and growing barns and separated based on their genetic group into pens of mixed gender. The animals remained in these facilities until they reached 83 days of age and a mean weight of 48.3 kg. They were then transferred to the finishing barns and kept in groups of 5-8 animals per stall according to their genetic group and gender. Throughout the experiment the pigs received a corn and soybean meal-based diet ad libitum (Peloso et al., 2010) . The pigs were harvested in two periods (at 130 kg and 160 kg live weight). The animals in the Duroc (DUDU) genetic group were tested only at 130 kg harvest weight (HW) since animals with 160 kg HW are inappropriate for industrial use because of their low feeding efficiency at this later stage, excess carcass fat, and the occurrence of deep-seated hair on the hams.
The pigs were harvested using the routine standard operational procedures of the plant, according to the technical standards of the Federal Inspection Service (SIF) of the Brazilian Ministry of Agriculture, Livestock and Food Supply. The carcass traits used included hot carcass weight (HCW), backfat thickness (BT) and loin depth (LD) and the ham traits were gross ham weight (GHW), trimmed ham weight (THW), ham inner layer fat thickness (HIFT), ham outer layer fat thickness (HOFT), pH at 24 h post-mortem (pH) and the ham color by objective surface light reflectance of the semimembranosus muscle at 24 h after harvest (Göfo value, ranging from 0 = pale to 100 = dark). Details of the measurements of these traits are described by Peloso et al. (2010) .
The analyses were done separately for each harvest weight group (130 kg and 160 kg) and pigs without the measure in all of the traits assessed within the group were excluded. Table 1 shows the number of individuals analyzed in each harvest weight, together with the means and coefficients of variation for carcass and ham traits. Prior to analysis, the data was adjusted for the fixed effects of gender and genetic group by the least squares method. The variables were then standardized to allow expression in different scales, as described by Cruz et al. (2004) .
The number of conditions (NC) test described by Montgomery and Peck (1992) was used to detect the effect of multicolinearaity or linear correlation among the variables that could lead to the formation of singular or illconditioned matrices. Since the NC for all the data groups was less than 100 no variable was discarded. Canonical correlation analysis was used to evaluate the relationships between the groups of carcass and ham traits by the CANCORR procedure of the SAS program for Windows version 9.1, based on the phenotypic correlation matrix among the nine traits used in this study. The canonical correlation coefficients and the correlation between the original variables and related canonical variate were estimated. The Wilks statistic was used to test the significance of the canonical correlation, as described by Barbosa et al. (2005) . Table 2 shows that there was a high positive correlation among hot carcass weight (HCW), gross ham weight (GHW) and trimmed ham weight (THW), and simple correlation between backfat thickness (BT) and ham outer layer fat thickness (HOFT), as well as positive correlation between loin depth (LD) and trimmed ham weight (TH) for harvest at 130 kg and 160 kg (Table 2) . These correlations revealed an association among the carcass and ham traits.
Results and Discussion
The canonical correlation (r) between the sets of carcass and ham traits for harvest at 130 kg was 0.77, 0.24 and 0.20 for the first, second and third canonical variate pairs, respectively, and all were significant (p < 0.01) by the 452 Ventura et al. Wilks test (Table 3 ). The canonical correlation (r) between the sets of carcass and ham traits for harvest at 160 kg for the three canonical variate pairs was 0.88, 0.42 and 0.14, respectively (Table 4) ; the last of these, corresponding to the third canonical variate pair, was the only one that was not significant by the Wilks test. When the simple correlation coefficients (Table 2 ) were compared with the canonical correlation values (Tables 3 and 4) the latter values for the first canonical variate pairs, for harvest at 130 kg (Table 3) and at 160 kg (Table 4), were greater than any simple correlation coefficient among the carcass and ham traits within the corresponding harvest weight (130 kg or 160 kg) ( Table 2) . These results were expected since according to Cruz et al. (2004) the absolute value of the canonical correlation coefficient for the first canonical variate pairs is always greater than or equal to any simple or multiple correlation coefficient among the traits of the first and second groups.
The squared canonical correlation coefficients (r 2 ) (Tables 3 and 4) that indicated the proportion of variance common to the two groups of traits were 0.60, 0.06 and 0.04 for the first, second and third canonical variate pairs, reCarcass and ham traits in pigs 453 spectively, for the 130 kg HW (Table 3) and 0.78, 0.18 and 0.02 (Table 4) for the 160 kg HW. These results indicate that the carcass and ham traits were not independent and that there were intergroup relationships.
The standardized canonical coefficients (canonical weights) indicate how much each variable contributed to the corresponding canonical variate (Akbas and Takma, 2005) . In the first canonical variate pair, absolute predominance was observed for HCW in the carcass traits, and for GHW and THW in the ham traits, for harvest at 130 kg (Table 3) and 160 kg (Table 4 ). The second canonical variate pair had greater standardized canonical coefficients for BT and LD in the carcass traits, and GHW and THW had a greater influence in the ham traits, for harvest at 130 kg (Table 3 ) and 160 kg (Table 4 ).
In the third canonical variate pair, BT and LD yielded the greatest coefficients for the carcass traits whereas GHW and THW predominated among the ham traits for harvest at 130 kg (Table 3) . Although the standardized canonical coefficients indicate participation of the original variables in their respective canonical variate, they cannot be used to conclude accurately on this relationship because the standardized canonical coefficients are influenced by the general structure of the data (Akbas and Takma, 2005) . According to Cruz et al. (2004) , interpretation of the correlation between the original variable and the related canonical variate (Tables 5 and 6 ) is a better alternative for identifying the nature of the relationships represented by the canonical correlation coefficient.
For the first canonical variate pair, the HCW showed greater correlation with its respective canonical variate and values close to unity among carcass traits for harvest at 130 kg (Table 5 ) and 160 kg (Table 6 ). In the ham traits, the greatest correlation for the first canonical variate pair with the corresponding canonical variate was observed for GHW and THW at both 130 kg (Table 5 ) and 160 kg (Table 6 ). These findings indicated that HCW, GHW and THW were positively correlated.
Considering the second canonical variate pair, the carcass traits that correlated best with their respective canonical variate were BT and LD; the latter had negative values for the carcass traits for harvest at 130 kg (Table 5 ) and 160 kg (Table 6 ). For ham traits, the best correlation with the corresponding canonical variate was for HOFT at harvest of 130 kg (Table 5 ) and 160 kg (Table 6 ). These results indicated that BT and LD correlated positively and negatively, respectively, with HOFT.
The carcass traits BT and LD also showed the greatest correlation with their respective canonical variate in the third canonical pair, whereas the ham trait light reflectance (color) of the semimembranosus muscle (Göfo value) showed the greatest correlation with its respective canonical variate in the third canonical pair (Table 5 ). Both BT and LD were correlated with the Göfo value. The correlation between the carcass and ham traits and their respective canonical variate in the third canonical pair was significant only for harvest at 130 kg; no significant canonical correlations were observed for harvest at 160 kg.
Together, the results of this study indicate that hot carcass weight (HCW), backfat thickness (BT) and loin depth (LD) are associated with the traits gross ham weight (GHW), trimmed ham weight (THW) and ham outer layer fat thickness (HOFT). These ham traits directly influence the quality and efficiency of the dry-cured ham production process and are therefore determinants of successful drycured ham production. Some authors have reported that backfat thickness and ham weight are negatively correlated with losses during the maturation process (Candek-Potokar 454 Ventura et al. al., 2002; Bosi and Russo, 2004) . According to Bosi and Russo (2004) , low fat proportions in the carcass and ham are associated with undesirable sensory traits in dry-cured ham.
Our findings indicate that the carcass traits considered here could be used as criteria for prior culling of pigs that do not meet the established standards, thereby eliminating the need to obtain ham measurements in all of the pig population intended for dry-cured ham production. However, it should be remembered that correlations estimated only from the phenotypic correlations do not necessarily reflect the genetic nature of this link. Phenotypic correlations result from genetic and environmental causes. The extent of such correlations depends on genetic and environmental correlations, especially the heritability of each trait, which determines the importance of the genetic and environmental causes that affect the phenotypic correlation. If both traits have low heritabilities, then the phenotypic correlation is determined mainly by the environmental correlation, but if they have high heritabilities, then genetic correlation is more important (Falconer and Mackay, 1996; Lopes, 2005) . Consequently, inferences based only on results obtained from phenotypic correlations, as in the present study, should be considered with caution and applied only to this population.
To conclude, the carcass and ham traits studied here were not independent since there was an association between hot carcass weight (HCW), gross ham weight (GHW) and trimmed ham weight (THW), and between backfat thickness (BT) and ham outer layer fat thickness (HOFT). The carcass traits HCW, BT and LD can be used for early culling of pigs that do not meet the standards established for dry-cured ham production, thereby eliminating the need to obtain ham measurements from all of the animals. This prior culling would save time and labor during dry-cured ham production.
